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(54) FoMaMetube 

<57) A loldabie tube conpnsee a %vall In which at 
(east three elongate relatively flexible areas are present 
wffiich areas form plastic hinges which define a wall seg- 
ment that can be folded inwardly to bring the tube into a 
contFBCled shape. 
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Descrtption 

Bachy pwl the InyertiQn 

[0001 ] The invention relates to a fbldable tube and to 
a method for placing such a tit>e in a tuixilar cavity. 
[0002] It is known to told flextsle hoses into a flatteried 
shape in oider to iacitilate easy stomge, for exanple by 
reeling the flattened hose aiound a small diameter reel- 
ing drum. 

10003] It is also Known to insert well tubulars in a con- 
tracted posftkm Into a welbore and to 6}9)and the lubu- 
lar downMe at the location wh ere the tubular is to be 
used. Soviet patent specif ication SU-633825 discloses 
the use of an initial)y corrugated tube which is BipanM 
downhole Into a tubular shape. Intemat'onal patent 
appfication. publication Na WO 97/06345 disdoees the 
use of af)e»ble well tubular which is fotded into a kidney 
shape during its descent through the weUbore and 
which is inflated downhole to bring the tubular into a 
cylindrical shape, whereafter the tUbdar is polymerised 
to prcMtde a welt casing. V)is known tubular tas an Y> 
shape and serves to provide a seel at the junction 
between a main well and a branch well. DisacA/antages 
of these known expendable ootTugated and flextole told* 
able tubes are that ttiey need to be relatively thin to 
allow an easy eoqiansion wHhin a borehole or other cav- 
ity and that the shape of the unfolded tube is not wen 
defined. 

[0004] lti8anot)jectofthepresentinventtontoanevi- 
Bte the disadvantages of the known toldable ti^>es and 
to provide a foldable tube which can be fokM and 
unfolded relatively easily txit wNch generates an 
expended tUbe wtvch is robust and which has a well 
defined tubular shapa 

StimrparYQfiheinvemiQn 

[0005] Ihe fofoable tube according to the inventfon 
oonprises a tubular wall having at least three elongate 
reia^vety fteodble areas where the wall is more flenble 
than other areas of the wall, wfiich areas are oriented in 
a substantialty parallel direction relative to each other 
along at least a sut)6iantlal part of the length of the tube 
80 thai in use said areas form plastic hinges whk:h 
define a wafl segment that is inwardly faklafale to bring 
the tube Into a oonlracted shape. 
[0006] An advantage of the use of plastic hinges in 
accordance with the present invention is that they kxk 
the unfolded tube In its tiixilar shape and that the tube 
can be made cheaply by creating the plastic Nnges in 
the wall of a tube which has. apart from the plastic 
hinges, a similar wall strength and thickness as a oon- 
ventfonal tube that would normally be used in the same 
situatfon. 

(0007) It is prefen'ed that saM relatively f lexble areas 
are formed by trough-shaped grooves in the wall of the 
tite. which grooves are oriented in a parallel or helical 



direction relative to a fongitudinat axis of the lube. 
[0008] Alternatively the relatively weak areas are 
formed by mutually parallel axial or helical rows of 
holes. These holes may pass through the wall of the 
5 lube or extend only partially Into the outer or inner sur- 
face of the wall of the tube. 

[0009] It is also prefen-ed that at least one set of four 
grooves is arranged in the wall of the tube such that 
each set of four grooves defines a tube segment that 

10 can be fblded as a U-shaped recess inwardly into the 
lube. The sides of sato U-shaped recess mgy even be 
foUed towards each other in a delta-ehape and the tips 
of the recess may be brazed together to fix the tube in 
Hs folded shape until a relatively low tensfon force is 

15 exerted to the brazed joint. 

[0010] The tube can be folded to a high degree of oon- 
tractian if two sets of flour grooves are ananged sym- 
metrically at opposite sides of the tube such that upon 
fotiing of the tiA>e two delta- or U-shaped recesses are 

20 formed at oppositosfoes of the tube. 

[0011] If the tube needs to be fdtodale to a less high 
degree of contr ac tion then a tingle groove or a plastic 
Nnge fonned by a tubule may be arranged at one side 
and a set of four grooves at an opposite stoe of the inner 

2S wall Of the tube. 

POIS] The latter embodiment of tfie tube according to 
the invention can be used as a weB Kner at the junction 
between a main well and a branch wen if a branch tube 
is secured around a window in tfie wan of the tube 

50 between said single groove and an atfacent groove of 
sakl set of four grooves at sakl opposite 8tdeofthetut)e. 
[0013] in that case the tube is fowered through the 
main well towards the junctfon after fofoing the tube into 
its contracted shape. At the ]unctk)n the tube is then 

3s eocpanded such that the biBnch tube is pushed into the 
entrance of the branch weft. 

[0014] The tube according to the present invention 
can be made of any material which is plastically defomv 
able such that the tube does not break as a result of the 
40 fofoing and unfofoing operations. 

tool 5) Suitable materials are steel, in particular fonm* 
able steel grades such as high strength tow alloy steels 
and dual phase steels, and plasHc materials such as 
polypropylene and potyvinyfohkiride. 

46 

Brief description o! lha ticBMdPffi 

[001 6] The invention wilt be descrit^ed in more detail 
and by way of example with reference to the acoompa- 
50 nying drawings, in which 

Rg. 1 is a cross-axial sectional view of a foldable 
tube according to the invention which comprises 
two sets of four grooves in the inner wall of the tube; 
55 Fig. 2 shows the tube of Fig. 1 at a somewhat 
reduced scale wherein the tube is fdded into its 
contracted shape such that two U-shaped recesses 
are formed at opposite sides of the tii>e; 
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Fig. 3 is a aoss-axial sectional view of an attema- 
tive embodiment of the foldable tube acconding to 
the present invention wheran a single groove is 
present at one side and a set of four grooves is 
present at an opposite side of the tube; 
Rg. 4 sh(^ the tube of Fig. 3 at a somewtial 
reduced scale wherein the tube is folded Into its 
contracted shape such that a U-shaped recess is 
formed at the upper side of the tUbe; 
Fig. 5 is a aoss-axial sectkx^ view of a foldable 
tube acoording to the invention inside a well 
wherein the tube is provided wHh a branch tube 
%vhich is inserted into the entrance of a branch well 
upon downhote eiqiansion of the foldable tube: 
Fig. 6 is a cross-axial sedfonal view of a foldable 
tibe according to the present invention with a U- 
shaped recess at one side and a hinge provided by 
a tubule at the other side; 

Fig. 7 is a cross-axial sectional view of a foldable 
tibe according to the invention which comprises 
three axiat grooves at one side of ttve tut>e: 
Fig. 8 is a aoss-axial sectional view of a foldable 
tube according to the present invention where the 
folded tube and the U-shaped recesses have a 
delta-shape; and 

Rg. 9 is a cross-ttdal sectional view of a foldable 
ttte according to the present Invention where 
delta-shaped recesses are present at bolh sides of 
the lube. 

Detailed descriolion of the invention 

[0017] Referring to Fig. 1 there is shewn a foldable 
tube 1 which comprises two sets of axial trough-shaped 
groGves 2-9 in the inner wall of the tut>e 1. 
[001 8] Rg. 1 shows the tube 1 in its unfolded cylindri- 
cal shape and the groc^es 2*9 each have a similar 
depth and width. One set of four grooves 2-5 has been 
machined into the inner wall at the ifsper side of the 
tube 1 and the other set of four grooves &^ has been 
machined into the inner wan at the lower side of the tube 
1. such that the two sets of grooves 2-5 and 6-9 are 
symmetrical relative to each other. The distances 
between the grooves 2 and 3. the grooves 4 and 5, the 
grooves 6 and 7 and the grooves B and 9 are equal to 
each other. 

(00191 Furlhermore the distance between the grooves 
3 and 4 is equal to the distance between the grooves 7 
arxl 8 and the distarwe between the grooves 2 and 9 is 
equal to the distarv» between the grooves 5 and 6. 
(0020] The syrrvnetricat arrangement of two sets of 
four grooves 2-5 and 5-9 enables the tube 1 to be folded 
such that the wall segments between the grooves 3 and 
4. 7 and 8. 5 and 6 and 2 and 9 are moved inwardly 
towards the centre 11 of the tube 1 as illustrated by 
arrows 10 and the tube 1 obtains its contracted she^ie 
as is shown in Fig. 2. 

[0021 ] Fig. 2 shows how the relatively thin parts of the 



tube 1 adjacent to the grooves 2-9. where the wall tNck- 
ness Is smaller than the wall thidrass of other parts of 
the tube 1, act as plastic hinges during the folding pro- 
cedure. 

5 [0022] As a resuh of the hinging action the grooves 3, 
4 and 7 and 6 open up whereas the grooves 2. 5. 6 and 
9 are largely closed so that a first U-shaped recess 12 is 
formed at the upper side of the tube 1 and a second U- 
shaped recess 13 is formed at the lower side of the tube 

10 1. The folded tut)e 1 shown in Rg. 1 has the shape of a 
rivet which has a significantly smaller outer width than 
the inner width of the unfolded tube shown in Fig. 1. 
Therefore the folded tube can t)e moved easily through 
the bore of a conduit or undergmund weU, even through 

15 narrow passages formed by valves and sharp curva- 
tures. 

10023] Fig. 3 shows an alternative embodiment of tie 
foldable tube aocoRfing to the invention in which the 
tube 15 comprises a single axial groove 16 at the lower 

» side of the tube 15 and a set of four axial grooves 17. 
18. 19 and 20 at the upper side of the tube 15. 
[0024] TYie grooves 16 and 17 and 20 have been 
macNned in the inner wall of the tii)e 15 and the 
grooves 18 and 19 have been machined in the outer 

S5 wal of the tube 15. 

pxnq Jh9 relolivaly thin wall parts of the tube 15 
adjacent to the grooves 1 6-20 fonm wan areas which are 
more flexble than other parts of the fUbe 1 5. The groove 
pattern shown in Rg. 3 allows the won segment 

90 between the grooves 17 and 20 to be folded inwardy in 
the direction of enow 21 such that the tube 15 obtains 
the folded shape shown in Fig. 4. 
[0026] Fig. 4 shows that on iokfing of the tube 15 a U- 
shaped recess 22 is formed by the wal-segment of the 

ss tube 15 between the set of four grooves 17-20 at the 
upper side of the tU>e 15. The two relatively big wall 
segments of the tube 15 between the gnxve 16 at the 
lower side and the two outer grooves 17 and 20 at the 
upper side of the tube 15 thereby pivot towards each 

40 other about the plastic hinge formed the at the bottom of 
the tube 15 near the groove 16. 
[0027] Th6lijbe15showninFig.4canbeunfoldedby 
moving an expansion mandrel in axial direction through 
the tube 15 and^or by inflating the tube 15. 

45 (0028] The unfolded tube 15 then obtains Its cylindri* 
cal shaoeas isshcwn in Fig. 3 and the configurBtion of 
parallel grooves 16-20 viriit than lock the tube 15 since 
the wail segments between the grooves 16-20 fwm 
arches which will be subject to hoop stress if the 

so hydraulic pressure outside the tube 1 5 is higher than the 
hydraulic pressure mside the tube 15. 
[0029] Fig. 5 shows a foldable tube 25 which is similar 
to the foldable tube 15 shown in Figs. 3 and 4 inside a 
main weH 26 in which a well casing 27 has been 

55 cemented in plac& 

|q030] The main well 26 passes through an under- 
ground formation 28 and a branch well 29 has t)een 
drilled through a window 30 in the well casing 27 later- 
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ally away from ihe main well 26 Into the formation 28. 
(0031 ] The tube 25 is made of steel and comprises a 
single groove 31 at its tower side and a set of four 
grooves 32-35 at Hs upper side. A Ixanch tii>inQ section 
36hasbeenw6idedtDthewailsegnrientof thetube 15 s 
between the groc^es 31 and 32 around a window 37 
that has been machined in the wall of the tube 25. 
[0032] The tube 25 has been moved in Hs folded oon- 
tracted position through the main well 26 until the 
branch tubing section 36 is located adjacent to the io 
entrance of the branch well 29. 
[0033] lhenth6tube25i8eiq)endedbyaneKpan8ton 
mandrel into its cylindricBl shape, wNch Is illustrated by 
broken Bnes 38 such that the branch tubing section 36 
is pushed through the window 30 In the wen casing 27 is 
into the brandi wetl 29 as ilhislrated by broken lines 39 
andtheafTow40. 

[0034] An elongate brealdble container 41 containing 
a sealing agent is anranged witNn the defta-shaped 
recess formed between the set of four grooves 32-35 at zo 
the upper side of the tube 25 which container is 
squeezed between the inner wall of the well casing 27 
and the outer waH of the tube 25 if the tube is unfolded 
to its cylindncal shape 38. The sealing agent IS thereby 
squeezed into the annular space surrounding the 25 
unfolded tube 25 and the branch tubing segmem 39 and 
provides on curing an adequate seal which also f ixes 
Ihe unfolded tube 25 and branch tubing section 36 
inside the main arvf the branch weBs 26 and 29. 
[0035] Fig. 6 shows a folded tube 41 which has a set so 
of four grooves 42. 43. 44 and 45 at Hb t|3per side and a 
smglfo tabular hinge 46 at its lower side. 
[0036] The tubular hinge 46 provides an area where 
the wall of the tube is more ftexfole than the other pwls 
of the tU)e 41. apart from the areas of the tube 41 adja- 35 
cent to the grooves 4a^. 

[0037] The tutxriar hinge 46 provides moreover an 
area wftere the wafl of the tube can be deformed in dr- 
cumferential cfirection during the unfolding procedure. 
[0038] After conplation of the unfolding procedure the 40 
interior 47 of the tii)Uar hinge 46 can be filled with a fil- 
ing agent which provides support and fixes the tubular 
hinge 46 in its expanded position. The interior 47 of the 
tubUar Nnge 46 may also contain eiectrfo or hydraulic 
conduits for transmission of eledrfo and/br hydraulic 45 
power and/or signals along the length of the tube 41. 
[0039] Rg. 7 shows an enfoodiment of the foldable 
tube accord ng to the Nnventen where the tube 50 com- 
prises at its upper side three mutually parallel axial or 
helicat grooves 51 . 52 and 53 wfvch define three plastic 50 
hinges that allow the upper side of the tube 50 to be 
folded inwardly as illustrated by phantom lines 54 and 
arrows 55. 

[0040] After the upper side of the tube 50 has been 
folded inwardly the outer width of the lower side of the 55 
tube 50 can be reduced as illustrated by arrows 56 by 
puHing a circumlerential or helical wire (not shcMvn) 
around the thus folded tube SO. 



[0041] The tube 50 is then unfblded by increasing the 
hydraulic pressure in the interior of the tube 50 which 
breate the wire and induces the tube 50 to unfold into its 
cylindrical shape shown in Hg. 7. 
[0042] Rg. 8 shows an enfoodiment of the foldabie 
tube according to the invention where the folded tut)e 57 
has a delta-shape and comprises at each corner a 
defta-shaped recess 58. 

[0043] Each delta-shaped recess 58 is formed by 
bending the tips of the legs of a U-shaped recess 
towards each other and each recess is defined by a set 
of four plastic Nnges 59. 60. 61 and 62 where the wall 
of the tube 57 is more flexible than at other parts of the 
tube 57. 

[0044] The tube 57 Is unfolded by toeasing tie 
hydraulic pressure in the interior 63 of the tube 57 which 
causes the tube 57 to sp^MUid in the directfon of the 
arrows 64 60 fiat the recesses 58 are removed. ByfUr- 
ther increasing the h^lraulic pressure In the interior 63 
of the tube 57. the tube 57 is brought Into a cylindrical 
shape (not shown). 

[9045] Fig. 9 sh(M« a tut>e according to the invention 
where the tUbe 65 comprises a set of four axial plasti* 
cally deformable hinges 66. 67. 68 and 69 at its ipper 
side and also a set of four axial plastically deformable 
hinges 70. 71. 72 and 73 at Its lower side. 
[0046] Each set of four hingea 66^ and 70-73 
defines a delKa-shaped recess 74 and 75. respedvely. 
[0047] The two hinges 66 and 69 at the top of the 
folded tube 65 and also the two hinges 70 and 73 at the 
bottom of the liiae 65 have been brazed together. TYm 
thus formed brazed joints 76 and 77 aeated a seal 
between the interior of the delta-shaped recesses 74 
and the exterior 78 of the tube 65. 
[0048] The tube 65 is suitable to be used In its illus- 
trated folded shape as a drill ppe where drilling mud is 
punped through the interior 79 of the tii^e 65 ani 
through the delta-shaped recesses 74 and 75 to a drill 
t)ft (not shown). 

[0049] Alter a borehole section has been drilled a cas- 
ing is then created by inflating the tube 65 using a high 
pressure fh^ or expansion mandrel (not shown) so that 
the brazed joints 76 and 77 break open and the tube 65 
unfolds into its cylindrical shape as iltuslrated by arrows 
60. The drill bit is then pufled to surface on a wireline or 
coiled tubing passing through the interior 79 of the 
expanded tube 65. 

[0050] The tube 65 and also the tube configurations 
illustrated in the other drawings can be spooled around 
a reeling drum in their folded shape and reeled from the 
drum into an underground borehole to provide a lining of 
the tx>rehole wall or inside a corroded or damaged well 
tubular. 

[0051] The walls of the tube according to the invention 
may comprise sieve openings of a predetermined size 
so that the tube provides a well screen which is lowered 
into the borehole in its folded shaped and then unfolded 
downhole by moving an expansion mandrel through the 
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tube or by inflating a balloon in 1h imerfor of the tise. 
The unfolding procedure does not vary the sieve open- 
ing size 60 that unlolded tube provides a sandeaeen 
with a well defined sim opening size. 

5 

Clatnns 

1 . A foldable tube oompristng a tubular wall having at 
least three elongate relatively flexible areas where 
the wall is more flesdUe than other areas of the wall. io 
which areas are oriented In a substartiaHy parallel 
direction relativs to each other along at least a 81^ 
stanlial pert of the length of the tube so that in use 
said areas ftam plaslic hinges which defme a wall 
segnram that is kiwardiy foldable to bring the tuba is 
into a oonlracted shape. 

2. The foldable tube of claim 1 wherein said relatively 
fleodble areas are formed by through-shaped 
grooves in the wall of the tube, which grooves are 20 
oriented in a paraflel or helical direction retatrve to a 
lon^tudhial a)ds of the tube. 

3. TTietoldabletubeofclaim3whereinatleastoneset 

of fotf grooves IS arranged in the waH of the tube 2s 
euch that each set of lour grooves defines a tube 
segmeitt that can be folded as a delta- or U-shaped 
recess inwBfdIy Into the tube. 

4. Thefold^etUbeofcfBimawheremtwosetsoffour 30 
grooves are arranged sy m m e trically at opposite 
sides of the tube such that If the tube is folded into 

a contracted shape two delta- or U-shaped 
recesses are formed at opposite sides of the tube. 

5. The foldable tube of daim 3 wherein a single 
groove is arranged in the inner waH at one side of 
the tube and a set of four grooves is arranged at an 
opposite side of the inner wall of the tube. 

40 

6. The foldable tube of dakn 5 wherein a branch tube 
is.secured around a window in the wad of the tube 
which window is tocaled between said single 
groove fo said one half of the tibe and an aoiacent 
groove of said set of fbur grooves at said opposite 4s 
side of the tube. 

7. The foldable tut)e of any preceding daim wherein 
the fokJabie tube is a well tubular which is insertable 

in a corrtracted shape into the well and expandable 60 
downhole Into a substantially cylindrical shape. 

8. The foldable tube of daim 6 wherein the tube is a 
wen casing at a branchpoint in an underground well 
and the branch tube forms part of a well casing or 55 
liner in a well branch, and the tube is insertable in a 
contracted shape into the weH and expandable 
downhole into a substantiany cyf indrical shape such 



that the branch tiiM is positioned at the entrance of 
the branch well near the branchpdnt 

9. The foldable tJbe of daim 1 wherein the tube is 
made of steel. 

10. The fdfc/able tube of daim 1 wherein the tube is 
made of a plastic material. 

11. A method of pladng a foldable tube according to 
daim 1 in a tubular cavity, the method comprising 
inserting the tube folded in lis contracted shape into 
the cavity, unfok^ the tube into its substantially 
cylindricat shape at a selected location within the 
cavity and securing the tube witNn the cavity. 

12. The method of daim 11 wherein the tii>e com- 
prises at least one set of tour grooves aooording to 
daim 3 which grooves define a delta- or U-shaped 
recess when the tube is inserted into the cavity and 
a tubular oontsner containing a seafing agent is 
arranged within said recess w4ien the tube is 
inserted into the cavity, which container is 
squeezed arxJ txeate open as a result of the 
tfifdding of the tube within the cavity and sealing 
agent is released hto the annular space between 
the unltoUed tiiM and the wall of the cavity, which 
sealing agent is then allowed to aeata an annular 
seal between the unfolded tube and the cavity waO. 

13. The method of daim 11 wherein the tube is 
tfifdded by inserting a seeing plug at one end of 
the tU>e and pumpng a high pressure fluid inio the 
other end of the tuba 
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